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1. Introduction
This contribution provides further details on the signaling requirements to support semi-static inter-cell frequency planning for interference mitigation in EUTRA [1]. In particular, it describes the associated downlink and uplink signaling requirements for RAN1, as well as additional measurements, if any, that need to be performed in support of semi-static frequency planning. It also addresses the questions posed by RAN3 in the LS during the Helsinki meeting [2].
2. Brief Overview of Semi-Static Frequency Planning 
Semi-static frequency planning is based on the soft frequency reuse principle where UEs in the cell interior have access to the entire frequency band while UEs determined to belong to the cell edge can be scheduled only in reserved frequency sub-bands that are different among adjacent cells (Figure 1). Scheduling of cell edge UEs is performed first followed by scheduling of UEs in the cell interior. Semi-static frequency planning can provide cell edge throughput gains over Release 6 that are between 2.5x - >3x for 1 transmit antenna [3]. The throughput gains for cell edge UEs with MIMO will be even larger as MIMO further benefits from the SINR improvements associated with interference mitigation. 
This allocation is achieved through semi-static network coordination taking into account the traffic load of UEs near the edge of each cell. For synchronous networks, interference mitigation can also be expanded in the time domain providing full flexibility for resource allocation in the time-frequency domain. This may be advantageous for UE power savings which are particularly important for cell edge UEs that are enabled to be in sleep mode for all TTIs except for TTIs where the UEs may be scheduled (this information may be provided for example through the common control channel).
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Figure 1: Frequency Planning for Inter-Cell Interference Mitigation. Different Sub-bands used for UE Scheduling at each Adjacent Cell Edge. The full frequency band is available to UEs in Cell Interiors.
The Node Bs of each cell communicate to the RNC the traffic load requirements near the cell edge and the RNC allocates accordingly the corresponding frequency and possibly time resources. In this manner, decisions for resource allocation are made in a centralized manner which allows for simple and optimum allocation. No over the air signaling is needed and therefore no additional bandwidth resources are required. The decision regarding the resource allocation can be proprietary for each service provider and no corresponding standardization is needed. A straightforward allocation can be a proportional one according to the traffic load requirements in each cell but it may also consider various UE priorities (e.g. premium UEs receive analogous attention). The rate of communication among the Node Bs and the RNC is dictated by the rate of meaningful variation in the traffic load requirements near each cell edge relative to the corresponding ones in the cell interior. Such variations can be comfortably accommodated with signaling in the order of several seconds or even slower depending on the mobility and traffic characteristics in each cell. The signaling load per cell is likewise very simple, only the overall traffic load requirements at the cell edge and possibly the cell interior are needed.  
3. Physical Layer Signaling and Measurement Requirements
The signaling and measurement requirements in support of semi-static frequency co-ordination are now considered. It is shown that with already accepted principles in the EUTRA physical layer design, no additional burden exists for RAN1 and therefore no standardization effort is needed to support semi-static frequency co-ordination. Alternatively, low rate signaling of interference measurements may be introduced in the EUTRA uplink.
The determination whether the UE belongs to the cell interior or the cell edge can be simply based on existing CQI reporting from each UE provided that the downlink pilot occupies different sub-carriers in adjacent cells. The CQI concept is already captured in the TR. For the purposes of semi-static frequency co-ordination, it is rather irrelevant whether the pilot and data transmit powers are the same. Having the downlink pilot occupy different sub-carriers among adjacent cells, the CQI measurement in the various sub-bands, possibly averaged over several TTIs to combat short term fading, directly provides a measurement of the inter-cell interference experienced by each UE. This applies to both the shared control and data channels.
Figure 2 shows how an exemplary CQI measurement in the different sub-bands provides the necessary information for the classification of a UE as a cell edge or as a cell interior one. For presentation simplicity, the last 5 out of 15 sub-bands are assumed reserved for cell edge UEs and the SINR is quantized to the closest integer. Three cases are considered: UE is in the cell edge, UE is in the cell interior, and UE is in a poor location affected by significant shadowing. 
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Figure 2: CQI measurements for Cell Edge, Cell Interior, and Poor Shadowing UEs.

When a UE is in the cell edge, the CQI measurement in the reserved sub-bands is affected only by the interfering signals transmitted to cell interior UEs in adjacent cells. The CQI measurement in the remaining sub-bands is affected by both interfering signals to cell edge and cell interior UEs in adjacent cells and has therefore typically smaller values.

Similar arguments apply for a UE in the cell interior. However, such a UE is much more insulated to inter-cell interference and the average CQI is similar across all sub-bands. Notice that in this manner, the classification of a UE as a cell edge or a cell interior one is not so much a location-dependent one as an interference-dependent one (although the UE location is typically a determining factor). 

A third possibility corresponds to the case that the UE is in a poor shadowing location and cannot benefit from interference avoidance. In this case, a UE classification as a cell edge one should be avoided. Clearly, the CQI measurement across all sub-bands can indicate this situation as there is CQI little variation even though a cell edge UE experiences less interference in the reserved sub-bands. 
As the allocation of frequency resources is applied at a much slower rate than the CQI reporting rate or the short term fading rate, the reported CQI values may be averaged over the resource allocation period and possible short term fading effects will not have an impact on the classification of the UEs. To support frequency scheduling, the network may be initialized by simply assuming that all UEs are interior ones and subsequently change the classification for each UE, if needed, based on average CQI reporting measurements.
If no frequency hopping is applied to adjacent cell pilots, the UE will have to explicitly signal to the Node B the interference level per sub-band. Notice that measurement of the interference level is not an additional operation for the UE as it is needed as part of the CQI measurement. The interference level signaling requirements are similar to those for the CQI, provided that similar accuracy is required (FFS). However, the interference level needs to be signaled at a much lower rate than the CQI and the corresponding overhead is reduced accordingly and will be much smaller than the CQI one.
Although the choice between adjacent cell pilot frequency hopping or reporting of the interference level per sub-band from each UE is FFS in a strict sense, it is straightforward to gain some insight to a conclusion. If pilot frequency hopping is applied, cell edge UEs will experience pilot interference from adjacent cells. However, such interference affects only a very small portion of the TTI (about 5% (10%) for 1 (2) Tx antennas and the staggered pilot assuming the two first OFDM symbols are allocated to the control channel), and has therefore only a minor impact on the performance. Moreover, this interference is relatively easy to cancel (if different scrambling codes are used among different cells, a cell edge UE can still cancel the pilot from the strongest interfering cells provided that it has acquired the corresponding scrambling codes, as required for example for handoff). 
If pilot frequency hoping is not applied, each UE will have to signal an interference measurement per sub-band in addition to the CQI which will impact the uplink overhead (although the increase will be much smaller than the one for CQI reporting). Therefore, pilot frequency hopping seems preferable in order to avoid the uplink overhead without materially affecting the performance in the downlink. 
As a conclusion regarding the physical layer signaling related to semi-static frequency co-ordination, no additional signaling is required beyond what is already assumed (CQI reporting, adjacent cell pilot frequency hopping). Therefore, there are no additional specifications for RAN1 to consider.
4. Guidance to RAN3 on Semi-Static Frequency and Time Co-Ordination 
This section provides answers to the RAN3 questions on radio resource management for inter-cell interference management with semi-static frequency and, for synchronous networks, time co-ordination [1].

Q0: Which kind of radio resources are considered to be managed by RRM?

A0: Frequency sub-bands, time transmission intervals (TTIs) for synchronized networks, and transmit power.
Q1: Which inter-cell RRM techniques are considered in RAN1?
A1: RAN1 considers static, semi-static, and dynamic RRM techniques based on the principles of A0.
Q2: Which performance gains (i.e. cell throughput and per user scheduling fairness) can be expected from each technique?
A2: For semi-static frequency co-ordination, the cell edge throughput gains over Release 6 for a proportional-fair scheduler are between 2.5x - >3x for 1 transmit antenna [3]. The gains with MIMO will be even larger as MIMO further benefits from SINR improvements. The gains will also increase with application of intra-cell handoff.
Q3: Which information exchange between network nodes is needed for each technique?

A3: For semi-static frequency co-ordination, the only information is provided to the RNC by the network Node Bs (no information is needed from UEs other than the usual CQI measurements to the serving Node B and no over the air signaling is necessary). The information to the RNC is simple and only includes the traffic load (throughput) requirements near the cell edge. Additional information such as the mixture of service characteristics and service priorities may also be sent to the RNC. The frequency of this information is at most every several seconds. The RNC communicates to the Node Bs in each cell the reserved radio resources for cell edge use. The decision is centralized and can therefore be made in an optimal fashion according to desired service criteria.
Q4: How frequent will radio resources allocated to users at the cell-edge typically need to be re-configured for each technique [ms, s, h, d]?
A4: Re-configuration of radio resources is needed at most every several seconds for semi-static frequency co-ordination. No re-configuration is needed for static frequency co-ordination.
Q5: RAN3 would also like to understand whether the LTE access scheme puts different requirements on timing for mobility compared to Rel-6, due to different behavior at the cell edge?
A5: Network synchronization is not required. However, if synchronization exists as for example for the purposes of MBMS, it can be advantageously incorporated for radio resource management. The hand-off process may also become more relaxed relative to Release 6 as the communication between serving Node B and cell edge UE is more reliable and robust.
5. Conclusions

The physical layer signaling requirements for the semi-static inter-cell frequency co-ordination were described in this contribution. It is shown that with adjacent cell pilot frequency hopping, the CQI information is adequate and no new signaling (e.g. communication of interference measurements in some or all sub-bands from each UE) is needed to support the aforementioned cell edge interference mitigation method. Therefore, no impact on RAN1 standardization is envisioned other than the requirement of pilot frequency hopping.
No over the air signaling is needed and the only communication is among the network Node Bs and the RNC and comprises the steps of 

a) The Node Bs of each cell signal to the RNC information of the traffic load near the cell edge. They may also signal traffic and UE priorities near the cell edge.
b) The RNC signals the allocation of the reserved frequency resources to the Node Bs of each cell based on the traffic loads near the cell edge.
c) The RNC may also signal to the Node Bs of each cell the allocation of reserved time resources, in case of synchronous network operation.
A response to the questions posed by RAN3 to RAN1 was also presented with the respect to the semi-static frequency (and time for synchronous networks) co-ordination of the radio resources. 
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